Abstract: Since NOTES was first suggested as a novel surgical technique in 2000, it has not evolved as much as expected. There are various reasons for this including the lack of appropriate instrumentation. This surgical approach has its own unique specifications that require novel technological solutions.
Introduction
Surgery is always an invasive treatment method with additional risks such as infection and side effects from general anaesthetics. Ideally, the patient is not cut at all. Especially when tissue has to be removed from the patient, this would be very difficult. Nevertheless, the goal is to keep to actual cutting to a minimum. Laparoscopy did revolutionise surgery in this sense by significantly reducing the size of the incisions. Still, incisions in the abdominal wall are necessary which led [1] to propose and perform a method that enters the abdominal cavity via the oesophagus and subsequently an incision in the wall of the stomach. Since then, other access methods have also been tested such as transvaginal and transrectal. There are various hypothesised advantages of NOTES including elimination of wound infections, hernias, stomach wall adhesions, better access in obese patients, lower anaesthesia requirements and cosmetics. These advantages remain to be verified with more studies being carried out and procedures being systematically registered.
Methods
Medical and technological literature on NOTES and other minimally invasive techniques was analysed and also compared to the experiences of the local experts. The following sections give an overview the developments in the NOTES approach from both the medical as well as the technological perspective.
Results

Patient Outcomes amd Perceptions
Introducing new methods requires acceptance from the medical community as well as the general public. Patients found the idea of scarless surgery appealing, but did show concerns over the safety of the novel techniques [2] . They wanted to be assured that the technique was as safe and the doctors as well trained as when they would opt for a standard laparoscopic procedure. Since NOTES is a relatively new technique, there are no Randomised Controlled Trials (RCTs) available in the literature [3] . A review of smaller studies indicated that overall, NOTES procedures had outcomes similar to standard techniques, and the only verifiable patient benefit was the lack of scarring. These results could change with the evolution of the techniques and technology.
Technology
The first technological problem arrising in the procedure is that of a tight fitting 'trocar' for the transluminal incision [4] . Especially when working transgastrically, it is important that the carbondioxide gas to inflate the abdominal cavity does not leak into the stomach and subsequently the gastrointestinal tract. This would reduce the workspace and make exploration and navigation more difficult. Next is the essential equipment for NOTES: the endoscope. This is an area where technology can significantly contribute to the evolution and development of the surgical technique. [5] had developed and tested an endoscopic system with the aim to use it for NOTES. It consisted of an articulated overtube containing a flexible endoscope and two articulated wire-driven instruments. The instruments allowed for triangulation between endoscope and work area. Although the overall concept met the global requirements for NOTES, e.g. flexibility and triangulated instruments, the implementation did not meet the size and force requirements; robust instrumentation that can transmit forces similar to laparoscopic instruments is essential [4] . Smaller laparoscopic instruments are becoming available, but for NOTES, they also need to be passed and actuated through a flexible tube. [6] showed a very good overview of the current instrument platforms. It was shown that various commercial endoscopic systems are available that offer a flexible scopes with flexible, sometimes triangulated instruments. None of the devices seemed to meet all the specifications that the NOTES approach precribes. One of the difficulties being the endoscope control. The endoscope control requires experience. [7] showed that learning to control a flexible endoscope can be supported by improved user interface technology. In this case a haptic user interface helped student gastroenterologists achieve much better control. However, fixing the visual horizon remained and issue [4] as well as the instrument control. Another point of discussion with regards to the endoscope is its sterility. This was addressed by [8] with the development of an autoclavable endoscope. A demonstrator device was manufactured that was flexible, i.e. it allowed for the necessary degrees of freedom, yet also inherently rigid. However, it did not have any instrument channels. With fewer access points and more complicated, e.g. transgastric, access points, controlling instruments and anchoring devices becomes a challenge. One way of solving this problem is the introduction of so-called in vivo robots [9] . These are small devices that are introduced via one of the working channels of the endoscope and anchored in the abdominal cavity leaving the channel free for additional tools. These devices were prototypes developed for specific applications, but showed great promise. It was recognised that it would be useful to be able to manipulate such devices once anchored. [10] presented a review of a novel way of manipulating in vivo devices namely magnetic control. This still had significant limitations, however, it showed a promising evolution in NOTES instrumentation. The final technological challenge at the end of the procedure, is that the incision site has to be closed. For this there are many options including endoscopic suturing tools and various stapler methos [11] . However, no method could be identified that was the most effective.
Discussion
The limiting factor in the future of NOTES is a combination of instrumentation and education. Currently either an endoscopist and a surgeon have to work very well together, or they need additional training. From the literature it appears that the technology is not keeping up with the requirements for NOTES. Since the effectiveness of NOTES has not yet been proven, it is risky for medical technology companies to develop solutions for a surgical method that may not develop much further. A closer cooperation between research institutes and medical researchers could offer interim solutions to provide the medical specialists with the right tools to verify this surgical approach. Medical advantages can only be shown once more studies have been carried out. A major difficulty is that the tools for laparoscopy have evolved significantly since this method was first applied. Additionally, laparoscopic surgeons have developed a great expertise and know-how with which NOTES experts cannot yet compete. However, it is essential to continue research, both technological and medical, to verify the hypothesised advantages of NOTES.
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